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Description 

Field of the invention 

The present process relates to a process for 
producing an agglomerated powdery milk 
product. Examples of products suitable for being 
prepared by the process include the following: 
skim milk powder, whole milk powder, whey 
powder possibly preoared from precrystallized 
whey, possibly comprising added fat and other 
additives suitable for food and fodder products, 
and powders produced by drying of other liquids 
derived from milk such as permeates obtained by 
membrane filtration and similar products. 

The process is especially suitable for spray 
drying milk derived liquids which due to heat 
sensitivity or formation of sticky products may be 
difficult to spray dry when a high quality product 
is required. Besides the process enables sav'.^gs. 
both as regards operational costs and capital 
investments. 

Background of the invention and prior art 

It is well known that drying of milk concentrates 
and similar liquids may be performed in two 
step*. ~viz a fust step, in which the liquid is 
atomized in a stream of hot air in a drying 
chamber to produce moist particles which in a 
second step are further dried to the desired 
moisture content in a fluidized bed, cf. US — 
patent specification 3956521. Said splitting up of 
the drying process in two steps involves certain 
advantages as to heat economy and product 
quality over conventional one step spray drying 
processes in which no drying in fluidized bed is 
used. 

From French patent specification 1526478 and 
from published German patent application 
2125155 it is known to arrange a fluidized bed in 
the bottom part of the drying chamber of a spray 
drying or spray cooling unit. Said use of spray 
drying or cooling over a layer of fluidized particles 
produced by the spray drying or cooling is 
described as suitable for producing relatively 
large granules of the desired products which 
primarily are fertilizers. 

When producing fertilizers it is preferred to 
achieve monogranular granules, which term in 
the present specification and in the attached 
claims means granules having a very compact 
structure with little interstitial air due to the fact 
that they have an onion skin-like structure or 
consists of particles which are substantially com- 
pletely fused or coalesced. Such granules have 
high mechanical strength and dissolve relatively 
slowly in water which may be an advantage as far 
as fertilizers are concerned. Said compact 
structure is obtained partly as a result of the fact 
that the droplets to be dried contain a relatively 
high proportion of dfssolv d salts. 

However, when milk products of the ab ve 
defined type are concerned, it is desired to btain 
the product as agglomerates and not as mono- 
granular granules* The term aggl merates in this 
context are used as covering clusters of particles 



which adhere together at certain uomis of 
contact, which clusters have a non-compir*. 
porous structure including a substantial amount 
of interstitial air. When such agglomerated 
5 clusters of milk products are introduced in water 
they disintegrate and the individual particles 
forming the clusters are easily dispersed. 
It is to be observed thai combinations of spray 

drying anr drying or cooling m fluidized bed or 
to fluidized bedlike systems arranged in one unit 
have been suggested not only m connection with 
the production fertilizers. 

Thus French patent specification No. 1423070 
discloses a spray drier having a fluidized bed in 
'5 the bottom part. In said specification it is not 
indicated which type of products is to be 
produced. However, since the apparatus 
disclosed in said French specification is designed 
to exclude substantial contact between the 
20 fluidized layer and the panicles in the spray 
drying zone it is unsuitable for obtaining the 
purpose of the present invention, as it will appear 
from the below explanation. 

Published German patent application no 
2$ 2122237 discloses a method for drying of food 
products or chemical or pharmaceutical products 
among which are mentioned milk products such 
as yoghurt and quark. By said method a spray 
drying is combined with a drying in fluidized bed. 
30 it is not defined whether these two treatments ore 
carried out in two different apparatuses or »n pne 
apparatus. The method comprises a first step, in 
which the particles to be dried moves counter- 
current to the drying air. and a second step 
J5 wherein the particles receive a final drying in a 
fluidized bed. whereby agglomerates are created. 
To reduce heat damage, relatively low 
temperatures are used for the drying air, which 
necessitates a previous dehumidification thereof. 
do Use of a counter-current principle in the first 
drying step involves that the method results in a 
rather extensive heat damage of the product 
relative to the damage involved in co-current 
processes. For this reason it is not posssible to 
45 use as high an inlet temperature of the drying air 
in first step as it would be desired for obtaining 
low heat consumption. Moreover the application 
of the counter-current principle only permits an 
extremely limited velocity for the drying a«r in the 
so first drying step, which in turn involves that the 
apparatus required ior obtaining a certain drying 
capacity necessarily has to be rather voluminous 
and consequently the investments become high. 
Besides it is often desired to achieve a more 
55 extensive agglomeration than the one which is 
obtained in a conventional fluidized bed as the 
one which is used in said published application. 

In the paper J. Due Jensen: "Agglomerating. 
Instantizing, and Spray Drying' 4 {Food 
60 Technol gy, vol. 29. no. 6. June 197S. pages 
60 — 71) a drying operation is disclosed, in which 
the liquid to be dried is at mi zed over or into a 
fluidized bed. and it is stated that in this way 
particle growth can occur either as agglomeration 
« f several particles, r as layering f s lid ont 
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individual particles to obtain the so called onion- 
skinning effect. 

However, said method is of another type than 
the process according to the present invention, 
because the total drying takes place in the ver- 
fluidized layer. wr : ch involves drawbacks 
because of risk of heat damag-i. Moreover the 
drying capacity is rather limited. 

French patent specification no. 2095614 
discloses spray drying of milk in a spray drying 
tower in which a layer, described as a fluidized 
layer, is maintained in the bottom part. However, 
it appears that said layer is not a proper fluidized 
layer (viz a layer of particles acting as a liquid) and 
it is indicated as having a thickness of only 2—3 
mm. which would in no way make possible the 
achievement of the objects of the present 
invention, because the layer only acts as a 
powder slide conveyor. 

Also US — patent specification No. 3735792 
discloses a spray drying chamber having means 
for maintaining a fluidized layer at the bottom 
part thereof. According to said specification a 
very specific swirling flow of particles from the 
fluidized layer to the top section of the drying 
chamber and back to the fluidized layer is 
mandatory to achieve the desired results. With 
that design the atomized droplets of liquid to be 
dried are contacted with already dried particles, 
while the droplets are still in liquid state, for 
which reason the particles produced to a 
substantial extent will obtain a monogranutar 
structure and not be agglomerated clusters as 
defined above. 

Summary of the invention 

We have now found that agglomerated 
powdery milk products, as defined above, may 
advantageously be prepared by a process 
comprising the steps of: 

(a) atomizing a liquid derived from milk, in the 
upper part of a conical downward tapering drying 
chamber by means of a nozzle into a central 
downward stream of drying gas at 200—400*0 to 
produce particles. 

(b) maintaining in the tower part of said drying 
chamber a layer of particles fluidized in an 
upward stream of gas having a velocity of 0.3 — 
1.5 m/sec. preferably 0.6—1.5 m/sec. whereby the 
temperature of said gas is adjusted between 10 
and 150°C to maintain the temperature required 
of the fluidized particles for ensuring the 
agglomeration ability of said particles with 
respect to the particles produced in step (a) and 
the amount of particles in the fluidized layer is 
adjusted corresponding to a pressure drop of 
1.5—4.5 kPes over the fluidized layer. 

(c) adjusting the am unt f said liquid to the 
amount and drying capacity f the downward 
stream to ensure a m isture content f the 
particles when reaching th fluidized layer 
between 2—16% and sufficient for agglomerating 
said particles by f rming dusters thereof, but less 
than the moisture content which would cause 
f rmetion f monogranular granules, and also t 



ensure that the downward gas stream have still a 
substantial drying capacity when reaching the 
fluidized layer and sufficient kinetic energy for 
penetrating therein, thereby contributing to the 
5 drying process in the fluidized layer and 
promoting removal of particles and small 
agglomerates from the fluidi/ed layt to the 
upper part of the drying chamber for agglomerate 
forming contact with wet droplets and moist 
to particles. 

(d) withdrawing a stream comprising the gas 
from said downward stream and the gas from 
said upward stream at a non-central location in 
the upper part of the drying chamber. 
t* (e) adjusting the amount of drying gas 
introduced as a central downward stream to be 
2 — 4 times the amount of the upward stream of 
fluidizing gas. ano 

(fl recovering agglomerated particles from said 
20 fluidized layer. 

This method makes possible the sprav drying of 
liquids which have hitherto been regardpd as 
unsuitable for spray drying, such as whey with 
added fat. and it makes possible an ever. mon» 
25 lenient drying that the above mentioned two 
Steps method. whis:h means thot products having 
very low t**»at ri«**iinge may be obtained even 
when the drying gas in which the atomuation 
takes place in step (a) is very hot. A high 
temperature for the drying gas is desired since it 
involves an improved heat economy as explained 
in the above cited US — specification No. 3956521 
The process enables the achievement of a 
substantially improved heat economy for high 
35 quality products relative to what can be achieved 
by a method as the one dealt with in the above 
mentioned German published patent specifica- 
tion No. 2122237. 

When producing whole milk powder or skim 
*o milk powder the process may easily be operated 
to deliver a particle size distribution essentially 
between 200 and 750u, which results in a good 
dispersibility in water and a good fiowabiiitv 
A highly improved agglomeration is obtained 
45 by the process according to the invention since 
extremely turbulent conditions exist in the 
fluidized bed. especially in the upper part thereof, 
where collision takes place with the downwards 
directed particle-containing gas stream. In this 
50 are a of collision a high probability exists for the 
desired collision between the particles while 
these have a humidity optimal for agglomerate 
formation. 

Another important advantage inherent in the 
55 process is the fact that an apparatus for 
performing the process may be substantially 
smaller than a conventional spray drier f the 
same production capacity, because a relatively 
short residence time for the drying gas in the 
go chamber Is required. 

The apparatus required for performing the 
present inventi n may be constructed substan- 
tially more c mpact than conventional spray 
dryers and als more compact than the apparatus 
05 required for perf rming the method disclosed in 

3 



s 



0 097 484 



6 



the above German published patent specification 
No. 2122237. According to said published applica- 
tion a counter-current drying is used in the first 
step, as explained above. Obviously said feature 
limits the velocity of the drying ai- and 
consequently the proportion of drying air. which 
can be utilized in a certain apparatus per hour. A 
corresponding limit does not exist in connection 
with the method according to the invention, 
because the character of the air flow permits n 
higher proportion of drying air per hour without 
unacceptable entrainment of panicles in the 
leaving gas. A reason why application of a high 
velocity for the downward air stream is possible 
without unacceptable entrainment of particles in 
the leaving gas is i.a. that a pari of the said 
particles in said downward air stream leaves the 
air stream and is taken up in the fluidized layer 
when the air stream turns off near the upper limit 
of the fluidized layer, because the particle at said 
location will be influenced by the centrifugal 
force, and because excessive agglomeration 
takes place in the fluidized layer. 

The process is carried out by use of an 

apparatus comprising 

(a) a drying chamber having substantial * meal. 

downward tapering walls forming an angle to the 

vertical of 15 — 30 . preferably 18 — 24 . 

<b> a downward directed nozzle mounted 

centrally in the upper pan of the chamber, 
tc) a downward directed gas disperser having 

an annular opening to the chamber coaxially 

encircling said nozzle. 

(d) a perforated horizontal plate in the bottom 

of the chamber for supporting a fluidized particle 

layer, the distance from said perforated plate to 

said disperser being 10 — 15 times the maximum 

diameter of the annular opening, 

let means for providing ho*, drying gas to said 

g«s disperser. 

(f) means for providing gas to a location below 
said perforated plate, 

(g) means for withdrawing a stream comprising 
the gas from said downward stream and the gas 
from said upward stream at a non-central location 
m the upper pan: of the drying chamber, and 

(h) means for recovering agglomerated 
particles from a site just above the perforated 
plate. 

Since the agglomeration of a certain product is 
highly dependent on the moisture content and the 
temperature it is possible to regulate the degree 
of agglomeration by increasing or decreasing the 
amount of water evaporated in the fluidized bed 
at the bottom of the drying chamber. This is done 
by variation of the inlet temperature of the air let 
to the fluidized bed and by varying the 
temperature of the mixed stream f gases with- 
drawn from the drying chamber. 

As the velocity of the pdmerty central 
downwa r d stream of drying ges It typically 
20—30 m/s and as the combined gases are 
withdrawn from the top of the drying chamber, 
the auction of the downward Jetlik* gas stream 
tends to attract air and fine particle* and the pertfy 
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dry particles in the gas stream will agglomerate 
with the particles in the upward moving gas 
stream. Because of the conical shape of the 
drying chamber the upward velocity will he lower 

5 in the top of the chamber, for which reason only 
the smallest particles will he entrained to the top 
whero some of these will aqqiomerate with the 
very wet particles m the downward gas stream. 
On the uther hand aacjlomerates that are 
somewhat bigger will only be earner! partly to the 
top of the drying chamber and thus they will 
collide with tho particles in the downward gas 
stream at a point where these are more dry and 
tho resulting aqqiomerahon will be of tuch a 

'5 nature that the ag j'omerato* are easily 
dispersible. 

Bv insuring thai the ratio of the distance from 
the air disperser to the perforated plate is within 
the ahov» indicitort timtts M0— 15? it is possible 
to obtain the desired impact of the downward 
particle containing qas stream «*no the f!uidi/ed 
layer 

The height of the ;\ndued layer m the bottom of 
the drvmq chamber is 0 5 — "V m to er»stif- :i" 

^3 desired heat transfer and interaction. 

In the pf tor art milk dryers in which f prav drv't* 
and fluid bed drying is an .v";»d for in 3 single 
apparatus said two drymq s: r^es are operating 
completely independent of each other, i.f». in tho 

JO same way as if they were performed in ► 'ivsicaliy 
separated units. However in the process 
according to the present invention there is a high 
degree of interaction between the two drying 
stages. This interaction takes place because the 

■J 5 dc-wnward stream of drying gas and particles at 
t'^e moment when it is reaching the f.uid bed its 
urying potential and velocity and therefore 
penetrates into the fluidized bed and participates 
together with the gas introduced below the 

-*o perforated plate in the drying step in the fluidized 
layer. At the same time the gas which from above 
penetrates into the fluidizei layer increases the 
upward velocity of the mixed gases leaving said 
layer. This involves a desired increase of the 

*5 amount of particles intrained to the upper part of 
the drying chamber, whereby a promoted 
agglomeration is obtained. ?s explained above. 

As mentioned it is important that a certain 
interaction takes place between the downward 
stream of particles containing drying gas and the 
fluidized particle layer. To obtain said desired 
interaction the ratio between the kinetic energy of 
the downward stream of gas and the kinetic 
energy of the upward stream of gas in the 
fluidized layer is in the range of 1000 — 15.000. 

It is to be observed that the effect obtained by 
the process goes far beyond the additive effect of 
the treatments taking place in a spray drying zone 

60 and in a fluidized layer. Only by creating an 
extensive interaction between the downward 
particle containing gas stream and the fluidized 
layer by arranging for a vigorous impingement 
there between, it is possible to btain the 

" extremely high capacity f a small apparatus and 
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to achiev* the desired highly agglomerated non- 
compact produci. 

To secure the desired treatment of the particles 
in the fiu»di*ed layer as to agglomeration and 
possibly drying thereof and to maintain a stable s 
flu<dired layer, which is not partially displaced by 
the imoact of the downward sueam of drying gas. 
the fluidized layer should be relatively high «-»nd 
pr eferably the height thereof is at ieast half of the 
width thereof, and it should be sufficient *or to 
securing a mean residence time of the partic>s 
therein of at least 5 minutes. In industrial seals 
appa*atuse« the he-ght of the f:tnrii>*d layer wlI 
typically be ; — t: m - 

In a preferred embodiment the agglomerated '5 
panicles recovered from the flutdi/ed layer m step 
tfi are funhcr dnod and or cooled outside the 
drymo chamber, preferably *n a vibrated fluidized 
bed. " 

The stream of nas which *-> withdrawn f-->m the 2C 
drying chamber at a non-centrat location in the 
upper pan of the drying chamber comprises the 
drying gas mto wn»c* the liquid has boon 
atomized ar.^ the gas having been used for 
maintain"^ the tiu-d:?ei layer .*s wed as juxiinry « 
air. if any. and water vapour Said stream entrains 
dne particles of po.vdc produced in the spray 
drying process Sa'ri entrained particles are 
" collected m a suitable collector mean*, e g a 

cvdone. a^d smcp they are usually not jo - 
agglomerated to the extent desired, trey are 
preferably recycled to the fluidized layer to the 
bottom of the drying chamber. 

The various parameters of the process such as 
the temperatures of the downward stream of 35 
drying gas in step lai jnd the temperature of the 
upward stream of gas in st"i> ibi as well as the 
moisture content of the oart-cies when reaching 
the liuidized layer ait dep*»d on the specific 
produci to be produced. J " 

Thus for producing an agglomerated skim milk 
powder the following stepi are preferred. 

(3) atomizing a skim mil* concentrate of 45 — 
52% of weight dry solids »nto a stream of a<r at 
230 — 350 C having a downward velocity of 20 — 40 J * 
m/sec. whereby the amount o* said concentrate is 
adjusted to produce particles of skim m.ik 
powder, which, when reaching the surface of sa«d 
fluidized layer, have a moisture content of 10— 
15%. 

(b) maintaining said layer of f'uidized particios 
at the temperature of 60 — 80 C by introducing 
drying air at 70 — 150 C having an upward velocity 
Of 0.3 — 1.5 m/sec in the lower part of said layer. 

let withdrawing from the upper part of the 55 
drying chamber a stream of air entr-jimng fine 
particles of skim milk powder, 
(d) collecting said fine entrained particles. 
<e) recycling the collected fine panicles to taid 
fluidized layer in the drying chamber. *>*> 

ffi recovering agglomerated skim milk powder 
particles having a moisture content of 3.0— 9% 
from the fluidi/ed layer. 

When the skim milk powder recovered from the 
fluidized layer has a moisture content above 5% it *>* 



w ll usua"v be subject to a further drying outside 
the drying chamber, preferably in a vibrated 
fluidized bed. to a moisture content of 2—5%. but 
also when the skim milk powder is recove.ed 
having a lower moisture content it is preferred to 
perform a supplementary treatment in a vibrated 
fluidized bed to dry and/or cool the powder. 

In case agglomerated whole milk powder is to 
be produced the procedure is preferably as 
follows: 

la) atomizing a whole milk concentrate of 

45 52% by weight dry solids into a stream of air 

a * 200 — 300 C having a downward velocity of 
20—40 m/sec. whereby the amount of said 
concentrate is adjusted to produce particles of 
whote milk powder which, when reaching the 
surface of said fluidized layer have a moisture 
content of 8 — 16%. 

(bi maintaining said layer of fluidized particles 
at the temperature of 60—60 C by introducing 
dryng air at 70 — 150 C having an upwar^ velocity 
of 0.3—1.5 m/sec m the lowe- oart of said layer. 

to withdrawing from the upper part of the 
cirymg chamber a stream of air entraining fine 
particles of who • milk po .Jer. 

Klf c'.llncttnq snal fine entrained panicle*. 
(p» recycling thii collected fine particles to said 
fluxitjcd iay*v m the drying chamber. 

(fi recovering agglomerated whole milk powder 
particles having .i moisture content of 4.5 — 9% 
from the fluidized *ayer. 

The range of temperature for the air stream in 
step k 3i apples m connection with the use of e 
drying chamber of substantial conical shape and 
nozzle atomization. In the described alternative 
embodiment whc~ a rotary atomizer is used said 
temperature range will preferably be 150 — 230 C. 

Th-- whole milk powder recovered frjm the 
fn.ir'./fjfj layer is preferably further dried and 
outers outside the drying chamber to a moisture 
content of 2 — 4%. Also m ths case the supple- 
mentary drying and cooling may suitably be 
performed m a vbrateo fluidized bed. 

A; already stated the process makes possible a 
spray drytnq of products which has hitherto been 
regarded *s unsuitable for spray drying, such as 
whey with added fat. It has turned out that 
jgqiomerated whey powder may be produced by 
m?ans of the following steps 

(.it by means of a nozzle atomizing a preferably 
precrystaili/ed whey concentrate of 48 — 58% by 
//eight dry somls imo d stream of air at 230— 
350 C having a downward velocity of 20—40 
m/sec. whereby the amount of sa d concentrate is 
adjusted to produce oarf;les o* whey powdei 
which, when reaching the surface of said fluidized 
layer, have a moisture content of 2 — 6%. 

lb) maintaining said layer of fluidized particles 
at the temperature of 70—90 C by introducing 
drying air at 10 — 80 C havmy an upward velocity 
oi 0 3-15 m/sec m the lower part of said layer. 

<c» withdrawing from in." upper part of the 
drying cr.amber a stream of air entraining fine 
particles of whey powder. 

(d) collecting said fine entrained particles. 
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(e) recycling the collected fire particles to said 
fluidized layer in the drying chamber^ 

(f) recovering agglomerated whey powder 
particles from the fluidized layer, which particles 
have an average particle size of 200— 700m and a 
moisture content of 1 — 5%. 

Also the whey powder particles is preferably 
further dried and/or cooled in a vibrated fluidized 
bed outside the drying chamber. 

Description of the drawing 

The invention is further described with 
reference to the accompanying drawing which is 
a schematic representation of a plant buitable for 
performing the process of the invention. '5 

Description of preferred embodiments 

On the drawing 1 represents a drying chamber 
having a substantially conical downward tapering 
shape. Said dryina chamber is provided with a 20 
nozzle 2 for spraying a feed consisting of a 
concentrate of milk or milk fraction provided 
through conduit 3. 

An air supply system 4 delivers hot air (in the 
following termed primary drying air) to an air 3S 
disperser 5~ from which the hot drying air is 
introduced via an annular opening into the drying 
chamber as a downward stream of relatively high 
velocity. 

An air supply 6 is provided for delivering 30 
auxiliary gas at jmbient temperature to a circular 
-lot 7 to cool the edge of the hot air inlet and 
further delivers gas fcr a cooling jacket around 
that part of the feed conduit 3. which passes 
through the air dispenser 5. Said cooling gas also 35 
serves as coolant for the nozzle 2. 

Droplets of the feed liquid atomized through the 
nozzle 2 into the high velocity downward air 
stream (on the drawing indicated as 8) evaporate 
quickly whereby the atomized droplets are J ° 
converted into wet particles within a very short 
period before reaching a fluidized layer 9 main- 
tained in the bottom part of the drying chamber 1. 
Said fluidized layer is supported by a perforated 
plate through which an upward stream of air (in dt 
the following termed secondary air) is provided to 
maintain layer 9 in fluidized state. The distance 
from said perforated plate to the annular opening 
of the air disperser is 10— 15 times the diameter of 
said annular opening. 50 

Said secondary air in an amount of i — 1/4 of the 
amount of the primary drying air is provided by 
an air supply system 10. 

As shown on the drawing the primary drying air 
containing moist particles hits the fluidized layer 9 * 5 
and to some extent penetrates therein. Since the 
highest impact occurs at the central area of the 
fluidized layer a certain deformation takes place 
of the otherwise horizontal surface thereof. 
Primary drying air penetrated into the fluidized 60 
layer 9 mixes with the secondary air, and together 
with entrained particles and small agglomerates 
the mixed air flows upwards al ng the conical 
walls of the drying chamber. Since more space is 
available in the upper part of the chamber, the 65 



upward velocity decreases and consequently the 
particle entraining ability gradually decreases the 
longer the distance is from the fluidized layer 9. 
As agglomerates and particles are the less 
entrainabie the larger their size is. a separation 
takes place which envolves that the relative 
coarse agglomerates and particles are 
reintroduced in the particle containing primary 
drying air at a location in the lower end of the 
drying chamber whsre they contacl primary 
particles which have already been dried to a 
certain extent, whereas the relative fine particles 
are reintroduced in the primary drying air in the 
upper end mf the chamber where they contact 
wet droplets and very .noist particles and form 
agglomerates therewith. Consequently very 
favourable conditions exist for formation of an 
extensively agglomerated product of very even 
particles size distribution, and formation of large, 
monogranular particles is avoided. 

By means of a rotary valve 1 1 the height of the 
fluidized layer 9 and the mean residence time of 
the particles in said layer are adjusted dependent 
on the specific product treated and dependent on 
the desired characteristics as to particle size 
distribution, moisture content etc. 

From the rotary valve 11 the agglomerated 
particles are. in the shown preferred 
embodiment, conducted to a vibrated fiuid bed 12 
(Vibro-Fluidizer (t.m.J). 

The shown vibrbted fluid bed apparatuf has 
four sections, viz. 13. 14. 15 and 16 resp. The first 
of these sections are supplied with warm air to 
enable further drying while one or more of the 
last sections are used for cooling. 

Vibrated fluidizod bed apparatus suitable to be 
used in connection with the present invention are . 
well-known in the art. 

A stream of gas consisting of the primary 
drying air. the secondary air and auxiliary air 
provided by 6 is withdrawn through outlets 17 in 
the upper part of the spraying chamber. 

From said outlets the withdrawn stream which 
entrains a substantial amount of fine particles is 
conducted to a cyclone 18 in which the main 
portion of particles is separated and recycled to 
the fluidized layer 9. The exhaust air leaving the 
cyclone 18 is conducted to a further cyclone 19 in 
which further particles are separated to be dis- 
charged to the vibrated fluid bed 12. 

The exhaust gas from the vibrated fluidized bed 
12 is let to a further cyclone 20 and sent to a 
common exhaust 21 together with the chamber 
exhaust gas from cyclone 19. Particles separated 
in cyclone 20 is recycled to the vibrated fluidized 
bed 12. 

The resulting agglomerated product leaves the 
vibrated fluidized bed through 22 and is ready for 
packing, preferably after a sieving operation (not 
shown). 

Obviously numerous amendments are possible 
of the depicted plant e.g. the vibrated fluidized 
bed may serve solely for cooling purposes and 
the exhaust gas from the vibrated fluid bed may 
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be lot to the cycfone 19 whereby cyclone 20 may 
be dispensed with. 

The process of the instant invention will be 
elucidated further by means of the following 
embodiment examples using various typical 
starting materials. 



Example I 

This example was performed in a plant as the to 
one illustrated on the drawing. 

The spray drying chamber had a maximal 
diameter 5 of 5 m and a total height of 6J m. The 
diameter of the annular air disperser opening was 
50 cm and the distance from there to the '5 
perforated p'ate was 5.8 m. 

2728 kg skim miik concentrate of 48% total dry 
solids and a temperature of 60' C was atomized 
per hour. 

The primary drying air had a temperature of 20 
320^C and was introduced into the drying 
chamber at tne velocity of 26 m/sec. 

Cooling air was introduced as described in 
connection with fig. 1. 

The moisture content of the particles when 25 
reaching the fluidized layer was 14.8%. These 
primary particles became extensively 
agglomerated partly due to primary agglomera- 
tion (colliding each other) partly and especially 
due to secondary agglomeration (hitting already 30 
dried particles being blown up by the violent 
fluidization of the fluidized layer 9) and interaction 
as described above and partly due to tertiary 
agglomeration (contacting fluidized 

agglomerates inside the fluidized layer 9). 35 

The temperature of the air supplied by 10 to tho 
fluid bed at the bottom of the drying chamber was 
140*0 and the amount corresponded to a 
fluidizing velocity of 0.65 m/sec. at the bottom 
part of the fluidized layer 9. The pressure drop *o 
over the fluidized layer was 3.0 k Pas. The 
secondary drying taking place in this fluidized 
layer reduced the powder moisture to 5%. 

1378 kg/h of this product left the fluidized layer 
through rotary valve 1 1 and was introduced into ** 
the vibrated fluidized bed apparatus 12. The 
various sections of this vibrated fluidized 
apparatus were supplied with air having the 
following temperatures: First section 13: 75'C: 
second section 14: 95 C; third section 15: 19X so 
and fourth section 16: 1VC. 

The temperature of the powder in the fiuid bed 
in the drying chamber was kept at 70 S C and the 
temperature of the air withdrawn through 17 was 
also 70 C C. 55 



Fine particles entrained in various gas streams, 
were separated and recycled as indicated on the 
drawing. 

The final skim milk powder was recovered at 22 
with a moisture content of 3.85%. 

The agglomerated skim milk powder obtained 
had the following characteristics: 



Bulk density: 
Tapped 
Tapped 
Tapped 

Solubility Index 



^We ttability 
Dispersibility: 



0 x: 0.37 g/ml 
100 x. 0.42 g/ml 
1250 x: 0.46 g/ml 
0 3 <ADM0 



>2 min. (NA Method 
No. A5a) . 

100 {International IDF 
Standard 87:1979) 



Particle Size 
Distribution: 

> SOO^J*^' micron 24% 



310 7SO micron 
3 GO — 3 6 0 micron 
200—250 micron 
177 — 200 micron 
149 — 177 micron 
120 — 149 micron 
120 micron 



18* 
17% 
11% 
6% 
8% 
5% 
11% 



Particle Density: 
Flowability: 



1.35 g/ml 

10 sec. (NA Method 
No. A 23ai. 



Example II 

This example was perforr ed as indicated in 
Example I except for the following: 

The starting material was 2.283 kg/h whole milk 
concentrate of 48% total solids and of a 
temperature of 65 C. 

The temperature of the primary drying air was 
285 C and the downward velocity thereof 31 
m/sec. 

The moisture content of the particles when 
reaching the fluidized layer 9 was 15.3%. 

Secondary drying air was supplied by the 
system 10 at a temperature of 128 C and the 
fluidizing velocity in the layer 9 was 0.75 m/sec. 
The pressure drops over the fluidized layer was 
2.7 kPas. The moisture content of the powder 
leaving the fluidized layer in the spraying 
chamber was 4.1%. 

Particles were recovered from the drying 
chamber in an amount of 1.130 kg/h and the 
temperatures in the vibrated fluidized bed were as 
follows: 



60 
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First section 
Second section 
Third section 
Fourth section 



(13) 
(14) 
(15) 
(16) 



77 C 
90 C 
18 C 
11 C 



The final whole milk powder was obtained with 
a moisture content of 2.25%. This powder had the 
following characteristics: 

Bulk density: 

Tapped 0 x: 0.35 g/ml 

Tapped 100 x: 0.41 g/ml 

Tapped 1250 x: 0.42 g/ml 

Solubility Index: 0.1 (ADMI) 



?00 ? %9T micron 21% 



Particle size 
Distribution: 

3tsr-no 3+5 — Wfr micron 30% 
250—315 micron 22% 
200—250 micron 9% 
177—200 micron 5% 
14^—177 micron 5% 
120—149 micron 3% 
<120 micron 5% 



Particle Density: 
Flowabiiity:. 

Free Fat: 



1.21 g/ml 

17 sec. INA Method 

No. A 23a) 
2.3% calculated on 

powder (NA A10a). 



Subsequently this powder was treated with 
lecithin according to US-patent specification No. 
3773519. The resulting whole milk powder with 
0.21% lecithin jdded wi»s cold water instant 
having a dispersibility (IDF) of 99%. 



Example tit 

This example was performed as described in 
connection with example I with the following 
amendments: 

The starting material was 1.860 fcg/h pre- 
crystallized whey concentrate of 55% total solids 
and having a temperature of 15C. 

The primary drying air was of 260 C and was 
introduced into the drying chamber with a 
velocity of 25 m/sec. 

The moisure content of the particles when 
reaching the ftuidized layer 9 was 4%. 

The temperature of the air supplied by the 
system 10 to the fluid bed in the bottom of the 
drying chamber was 24 C and the fluidizing 
velocity 0.55 m/sec. The pressure drops over the 
ftuidized layer was 3.2 kPas. 

1065 kg/h of powder was withdrawn through 
the valve 11. The temperatures for the air 
supplied to the vibrated fluidized bed apparatus 
were as follows: 



First section 
Second section 
Third section 
Fourth section 



(13) 
(14) 
(15) 
(16) 



65 C 
75 C 
19 C 

ire 



15 



35 



45 



55 



The temperature of the powder m the flu»d bed 
in the drying chamber was kept at 62 C. while the 
temperature of the gas withdrawn at 1 7 was 78 C. 

The final whey powder recovered at 22 had a 
moisture content of 1.95% by weight. 

The powder had the following characteristics: 

Gulk density: 

Tapped 0 x: 0.53 g/ml 

Tapped 100 x: 0.61 n/ml 

tapped 1250 x: 0 63 g/ml 

Solubility Index: 0.1 IADMU 

Particle size: 
Distribution 

>750 micron 1°o 

£~cO-~l S~0 BOO " '770" micron 3% 

3 , s~— ±~<s0 3+6 — ^60- micron 12"'. 

250—315 micron 24°, 

200 — 250 micron 16% 

177—200 micron 12% 

14$- «77 micon 15°o 

120 — 149 micmn 8% 

• 120 micron 9% 



Particle Density 



1.41 g>ml 



65 



The product was non-cakinc, lcaken?ss 0 3 a. NA 
method A 15a). 

Claims 

1 A process for procucmg an agglomerated 
powdery milk product, comprising the steps of 

(a) atomizing a 'iquid derived from milk, m the 
jpper oart of a conical downward tapering drying 
chamber by means of a no«le into a central 
downward stream of drying gas at 200—400 C to 
produce particles, 

lb) maintaining in the lower part of said drying 
chamber a layer of particles ftuidized in an 
upward stream of gas having a velocity of{0.3 — 
1.5 m/sec. preferably)0.6 — 1.5 m/sec. whereby the 
temperature of said gas is adiusted between 10 
and 150 C to maintain the temperature required 
of the fluidized particles for ensuring the 
agglomeration ability of said particles with 
respect to the particles produced in step (a), and 
the amount of particles in the fluidizod layer is 
adjusted corresponding to a pressure drop of 
1.5 — 4.5 k Fas oser the fluidized; layer. 

(c) adjusting the sr-rount of said liquid to the 
amount and drying capacity of the downward 
stream to ensure a moisture content of the 
particles when reaching the fluidized layer 
between 2 — 16°o and sufficient for agglomerating 
said particles by forming clusters thereof, but less 
than the moisture content which would cause 
formation of mono-granules, and also to ensure 
thit the downward gas stream have still a 
substantial drying capacity when reaching the 
fluidized layer and sufficient kinetic energy for 
penetrating therein, ther <by contributing to the 
drying process in the fluidized layer and 
promoting removal of particles and small 
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agglomerates from the fluidized layer to the 
upper pan of the drying chamber lor 
agglomerate-forming contact with wet droplets 
and moist particles. 

(d) withdrawing a stream comprising the gas 5 
from said downward stream and the gas from 
said upward stream at a non-central location in 
the upper oan cf the drying chamber, 

<e) adjusting the amount of drying gas 
introduced as a central downward stream to be >o 
2 — 4 times the amount of the upward stream of 
fluidizing gas, and 

(0 recovering agglomerated particles from said 
fluidized layer. 

2. The process of claim 1, wherein the ratio '5 
between the kinetic energy of the downward 
stream of gas and the kinetic energy of the 
upward stream of gas is in the range of 1000— 
15000. 

3. The process of claim 1, wherein the mean 20 
residence rime of the particles in the fluidized 
layer is at least 5 minutes. 

4. The process of claim 1, wherein the 
agglomerated particles recovered from the 
fluidized layer in step tc) are further dried and/or 2: 
cooled outside said drying chamber, preferably in 

a vibrated fluidized bed. 

5. The. process of claim 1 for prcducing 
agglomerated skim milk powdei comprising 

(a) atomizing a skim milk concentrate cf *»5 — 30 
52% by weight dry solids into a stream of air at 

230 — 350 ; C having a downward velocity ot 20--40 
m/sec. whereby the amount of said concentrate is 
adjusted to produce particles of skim milk 
powder, which when reaching the surface of said J5 
fluidized layer have a moisture content of 10— 
15%, 

(b) maintaining said layei of fluidized particles 
at the temperature of 60— 80 : C by introducing 
drying air at 70— 150-C having an upwarj velocity *o 
of 0.3—1.5 m/sec in the lower part of said layer. 

(c) withdrawing from the upper part of the 
drying chamber e stream of air entraining fine 
particles of skim milk powder. 

(d) collecting said fine entrained particles. *5 
(•) recycling the collected fine particles :o said 

fluidized layer in the drying chamber, 

(f) recovering agglomerated skim milk powder 
particles having a moisture content of 3-0 — 9% 
from the fluidized layer. so 

6. The process of claim 5, wherein the skim milk 
powder panicles recovered in step (fl are dried 
outside the drying chamber, preferably in a 
vibrated fluidized bed, to a moisture content of 
2-5% " 

7. The process of claim 1 for producing 
agglomerated whole milk powder comprising 

(a) atomizing a whole milk concentrate of 
45—52% by weight dry solids into a stream of air 
at 200— 300*C having a downward velocity of €0 
20—40 m/sec, whereby the amount of said 
concentrate is adjusted t produce ^articles of 
whole milk powder, which when reaching the 
surface of said fluidized layer have a moisture 
content of 8—16%. 65 
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maintaining said layer of fluidi/ed particles 
at the temperature of 60—80 C by introducing 
Hfytng air at 70 — 150 C having an upward velocity 
0 I 0.3—1.5 m/sec m the lower part of said layer. 

let withdrawing from the upper part of the 
frying chamber a stream of air entaining fine 
uarticles of whole milk powriw, 

(d) collecting said fir.e entrained particles. 

\c\ recycling thr collected fine particles tc* said 
fluidi/ed layer in the dry.ng chamber. 

(f) r*-. coring agglomerated who'e milk powder 
particles having a moisture content of 4 5 — 9*'o 
from ihe fluidif-*d layer. 

8. The process of claim 7, whereir the particles 
recovered m step lt> are further dried and cooled 
outside the drying chamber, oreierabty in a 
vibrated fluidized bed to a moisture content of 
2-4V 

9. The process of claim 1 for producing 
agglomerated whey powder comprising 

(s) atomizing a preferably pre-crystallized whey 
concentrate of 48 — 59°'i by weight dry solids into 
a stream of air at 230 — 350 C having a downward 
velocity of 20 — 40 m/sec. whereby the amount of 
said concentrate ic adjusted to produce particles 
of whey powder which when reaching the surface 
of said fluidized layer have a moisture content of 
2—6%. 

{b» maintaining said layer of fluidizad particles 
at the temoerature of 70 — 90 C by introducing 
drying air at 10 — 80 C having an upward velocity 
of 0 3 — 1.5 n/sec in the lower part of said layer, 

(c) withdrawing from the upper part of the 
drying chamber a stream of air entraining fine 
particles of whey powder, 

(d) collecting said fine entrained particles, 
lei recycling the collected fine particles to said 

fluidized layer in the drying ch a Tiber, 

<f> recovering agglomerated whey powder 
particles from the fluidized layer, which particles 
have an average particle size of 200— 700u and a 
moisture content of 1 — 5%. 

10. A spray drying apparatus comprising 

(a) a drying chamber having substantial conical, 
downward tapering walls forming an angle to the 
vertical to 15 — 30 , preferably 18 — 24*. 

(bl a downward directed nozzle mounted 
centrally in the upper part of the chamber. 

ic) a downward directed gas disperser having 
an annular opening to the chamber coaxially 
encircling said nozzle, 

(d) a perforated horizontal plate in the bottom 
of the chamber for supporting a fluidized particle 
layer, the distance from said perforated plate to 
said annular opening of the gas disperser being 
10 — 15 times the maximum diameter of the 
annular opening. 

(e) means for providing hot drying gas to said 
gas disperser. 

(f) means for providing gas to a location below 
said perforated plate. 

(g) means for withdrawing a stream comprising 
the gas from said downward stream and the gas 
from said upward stream at a non-central location 
in the upper part f the drying chamber, and 
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(ht m*a»u 'or recovering agglomerated 
particle* from a ?»« lust above the perforated 
pi ale 

Petentanspcuche * 

1. Verfahreo zur Herstellung ernes 
egglomerierten Mitchpulverproduktes. das folg* 
ende Stufen umfasst: 

(a) Zerstauben von einer von Milch ebgeleiteten to 
Flussigkeit in dem oberen Teil einer nach unten 
zupitzenden konischen Trockenkammer mittels 
einer Duse in c-inen zentralen. abwftrts gerichteten 
Trockengasstrom bei 200— 400 C zwccks 
Erzeugunr; von Partikeln. 

(bl Aufrechterhaltung in dem niederen Teil der 
Trockenkammer einer Schicht von Partikeln. die 
in einem aufwarts gericMeten G^sstrom mit einer 
Geschwindigkeit von 0.3—1.5 m/sek., yorzugs* 
weise 0.6 — 1.5 m/sek. fluidisiert worden $ind. 70 
wobei man die Temperatur dec Gases zwischon 
10 und 150 C r*geit zur Aufrechterhaltung der 
erforderlichen Tempeiator der fluidisierten 
Partikeln zur Sicherung der Aggtomerierfahigkeit 
dieser Partikeln mit den in Stufe <al gebildetc-i 25 
Partikeln. und die Menge von Partikeln in der 
fluidisierten Schicht einem Druckverlust von 1.5— 
4.5 k Pas Gber der fluidisierten Schicht engepasst 
ist. 

(c) Hegulierung der betreffenden Flussigkeits- 
menge im Verhiltnis zu Menge und Trocknungs- 
kapazrtat des abwarts gerichteten Stroms zur 
Sicherung eines Feuchtigkeitsgehaltes der 
Partikeln, wenn diese die fluidisierte Schicht 
erreichen, zwischen 2 und 16%. und ausreichend 35 
n* deren Agglomeration unter Bifdung von 
Buscheln. aber unter dem Feuchtigkeitsgehalt. 
der zur Bildung von Monogranulen fuhren wurde, 
und urn ferner zu gewShrteisten, dass der abwdrts 
gen'chtete Gasstrom bci Erreichen der <o 
fluidisierten Schicht noch immer bedeutende 
Trocknu^gskapazitet aufweist und genugend 
kinetische Energie um durchzudringen. wodurch 
er zu dem Trocknungsprozess in der fluidisierten 
Schicht beitragt und das Wegleiten von Partikeln *5 
und kleineren Agglomerationen von der 
fluidisierten Schicht zu dem oberen Teil der 
Trockenkammer fdrdert, wo mit nassen Tropfen 
und feuchten Partikeln ein Agglomeration bild- 
ender Kontakt stattfindet. *° 

(d) Entnahme eines Sfoms umfassend das Gas 
von dem abwdrts gerichteten Strom und das Gas 
von dem aufwarts gerichteten Strom an einer 
nicht zentralen Stelle in dem oberen Tetl der 
Trockenkammer, und 95 

(e) Regulierung der Menge des Trockengases. 
das als ein zentraler abwirts gerichteter Strom 
zugefuhrt wird, so dass es 2 bis 4 mat die Menge 
des aufwdrts gerichteten Stroms von 
fluidisiertem gas betragt, und 

(f) Gewinnung agglomerlerter Partikeln aus der 
fluidisierten Schicht. 

2. Verfahren nach Anspruch 1, wo tin das Ver* 
haltnis zwischen der kinetischen Energie des 
abwfirts gerichteten Gasstroms und der « 



kinetischen Energie des aufwarts gerichteten Gas- 
stroms m Bereich von 1.000— 15 000 l»eg» 

3. Verfahran nach Anspruch 1. worin die durch- 
schnittliche Aufenthaitsdauer der Partikeln in der 
fluidisierten Schicht mmdestens 5 Minuten 
betragt. 

4. Verfahren nach Anspruch 1. worin dte aus der 
fluidisierten Schicht in Stufe (e) gewonnenen 
agglr.nerierten Partikeln ausserhalb der Trocken- 
kammer. vorzugsweise in einem viboerenden 
Wtrbeioett. /usat/lich geuocknet und/oder abge- 
kuhlt werden. 

5. Verfahren nach fi- r'uch 1 fur Herstellung 
von agglo;neriertem ./age'i-iilchpulver. das folg* 
ende Stufen umfasst: 

ta> Zerstauben eines Magermiichkonzentrates 
enihaltend 4S— 52 Gew.-% Trockenstoff in emen 
Luftstrom bei 230—350 C una einer abwirts 
ge'ichteten Geschwindigkeit von 20—40 m/sek., 
wobei der Anteil an erwahntem Konzentrat so 
AlHjr-stim'iit ist. dass sich P.vtikeln von Mager- 
miichpulver bilden. di*» be»m Erreichen der Ober- 
fiache der Hutdtsierten Schicht e«nen Feuchtig- 
keitsgehalt von 10 — If • aufweis*»n. 

(b) Aufrechterhaltung der Temperatur von 60— 
80 C fur erwahnte Schicht von fluidisierten 
Partikeln durch Zufuhr von Trockenluft bei 70 — 
150 C mit einer aufwarts gerichteten 
Geschwindigkeit von 0.3 — 1:5 m/«ek. in den 
niederen Teil der Schicht. 

Ic) Entnahme eine* Luftstroms aus dem oberen 
Teil der Trockenkammer. der feme Partikeln von 
Magermilchpulver mil sich fuhrt. 

td) Aufsammeln der mitgetragenen feinen 
Partikeln, 

<e) Ruckfuhrung der aufgesammelten feinen 
Partikeln in die fluidisierte Schicht in der Trocken- 
kammer. 

(f) Gewinnung der agglomerierten Magermilch- 
pulver-Partikeln mit einem Feuchtigkeitsgehalt 
von 3.0 — 9% aus der fluidisierten Schicht. 

6. Verfahren nach Anspruch 5. worin die in 
Stufe (f) gewonnenen Magermilchpulver-Par- 
tikeln ausserhalb der Trockenkammer. vorzugs- 
weise in einem vibrierenden Wirbelbett. auf einen 
Feuchtigkeitsgehalt von 2—5% getrocknet 
werden. 

7. Verfahren nach Anspruch 1 zur Herstellung 
eines agglomerierten Vollmilchpulvers. das folg- 
ende Stufen umfasst: 

(a) Zerstauben eines Vollmilchkonzentrats 
enthaltend 45 — 52 Gew.-% Trockenstoff in einen 
Luftstrom bei 200— 300°C und mit einer abwdrts 
gericht ten Geschwindigkeit von 20—40 m/sek.. 
wobei der Anteil an erwahntcm Konzentrat so 
abgestimmt ist. dass sich Partikeln von Vollmtlch- 
pulver bitden, die beim Erreichen der Oberflache 
der fluidisierten Schicht einan Feuchtigkeitsgehalt 
von 8—16% aufwetsen. 

<b) Aufrechterhaltung der Temperatur von 60— 
80°C fur erwahnte Schicht von fluidisierten 
Partikeln durch Zufuhr von Trockenluft bei 70^ — 
150*C und mit einer aufwarts gerichteten 
Geschwindigkeit v n 0.3—1.5 m/sek. tn den 
niederen Teit der Schicht 
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U1 Entnahme emti luftttroms aus dem oberen 
Teil o>? Trockenkammer, der feine Partikein von 
VoMmitchputver mit itch fuhrl. 

(dl Autaemmein der mitgetragenen fainen 
Partikaln. 

(a) ROckfChning dar aufgesammelten feinen 
Partikein in dia ftuidisierte Schicht ir. der Trocken- 
kimmtr, 

(f| Gexinnung der agglomeriertan Vollmilch- 
pulver-Peniketn mit ainem Feuchtigkeitsgehalt 
von 4.5— 9N aus der fluidisierten Schicht. 

3. Verfehren nach Anspruch 7 worin die in Stufe 
(0 gewonnenen VoMmilchpulver-Partikeln ferner 
aussr rhalb der Trockenkammer. vorzugsweise in 
einem vibrierenden Wirbelbett. auf einen 
Feuchtigkeitsgehalt von 2—4% gelrocknet und 
abgekuhlt warden. 

9. Verfahren nach Anspruch 1 zur Herstellung 
eines ag glome riert en Moikeputvers, das folgende 
Stufan umfatst: 

(a) ZerstSuben eines vorzugsweise vorkristal- 
lisierten Molkekonzentrats anthaltend 48—58 
Gew.-% Trockenstoff in einen Luftstrom bei 230 — 
35CC und mit einer abwarts gerichteten Gesch- 
windkgkeit von 20—40 m/sek.. wobei der Anteil 
an erwahntem Konzentrat so abgestimmt ist. dass 
sich Pprtikeln von Molkepulver bilden. die bairn 
Erreichen der Oberflache der fluidisierten Schicht 
einen Feuchtigkeitsgehalt von 2 — 6% aufweisen, 

(b) Aufrechterhaltung der Temperatur von 70 — 
90X fur erwShnte Schicht von fluidisierten 
Partikein durch Zufuhr von Trockenluft bei 10 — 
80'C und mit einer aufwarts gerichteten 
Geschwindigkeit von 0.3—1.5 m/sek. in den 
niederen Tnil der Schicht. 

(c) Entnahme eines Luftstroma aua dam obaran 
Teil der Trockenkammer, der feine Partikein von 
Molkepulver mit sich fuhrt. 

(d) Aufsammeln der mitgetragenen feinen 
Partikein. 

(e) Ruckfuhrung der aufgesammelten feinen 
Partikein in die fluidisierte Schicht in der Trocken- 
kammer, 

tf) Gewinnung der agglomerierten Moike- 
pulver-Partikeln mit einer Partikelgrdsse von un- 
gefahr 200—700 u und einem Feuchtigkeitsgehelt 
von 1 — 5% aus der fluidisierten Schicht. 

10. ZerstSubungstrocknungsvorrichung urn- 
fassend 

(a) eine Trockenkammer mit hauptsSchlich 
kontschen, nach unten zuspitzenden Wanden, die 
zu der vertikalen Achse einen Winkel von 15— 30*. 
vorzugsweise 18 — 24% bilden, 

(b) eine abwSrts gerichtete, in dem oberen Teil 
der Kammer zentral angebrachte Duse, 

(c) einen abwarts gerichteten Gasverteiler. der 
in Richtung zu der Kammer eine die Duse koaxial 
umschliessende ringfdrmige Offnung aufweist 

(d) ein am Boden der Kammer vorgesehenes 
perforiertes horizontales Biech zur Unterstutzung 
einer fluidisierten Pertikelschicht, wobei der 
Abstend v n dem perforierten Blech zu der ring- 
fdrmigen Offnung des Gasverteilers 10 bis 15 mal 
der max. Diameter der ringfdrmigen Offnung ist 



(e) Mittel zur Versorgung des erwahnten Gas- 
vartilers mit hetssem Trockengas, 

(f) Mittel zur Versorgung einer Stella unterhalb 
des perforierten Blechs mit Gas. 

(g) Mittel zur Entnahme eines Stroms 
umfassend das Gas von dem abwarts gerichteten 
Strom und das Gas von dem aufwarts gerichteten 
Strom an einer nicht zentralen Stelle in dem 
oberen Teil der Trockenkammer. und 

(h) Mittel zur Entnahme agglomeherter 
Partikein von einer genau uber dem perforierten 
Blech befindlichen Stelle. 



Revendications 

1. Procede pour la fabrication d'un produit la 
tier en poudrs agglomeree comprenant les etapes 

la) de pulverisation d'un liquide derive du tait 
dans la partie superieure d'une chambre conique 
de sechage qui va en s'amincissant vers le bas, a 
I'aide d'une buse dat s un courant central 
descendant de gaz dr sechage a 200 a 400 : C pour 
la production de particules. 

(b) de maintien dans la partie inferieure de 
ladite chambre de sechage d'une couche de 
particules fluidifiees dans ur courant ascendant 
de gaz d'une vitesse de 0.3 a 1.5 m/sec, de 
preference 0,6 a 1.5 m/sec. la temperature dudit 
gaz etant ainsi ajustee a une valeur de 10 a 150T 
pour le maintien de la temperature necessaire des 
particules fluidifiees pour assurer ('aptitude 
d'agglomeration desdites particules avec les 
particules produites a t'etape (a), et.la quantite de 
particules dans la couche fluidifiee 6tant ainsi 
ajustee de maniere correspondent a une chute de 
pression de 1.5 a 4.5 kPa au-dessus de la couche 
fluidifiee, 

(o) d'ajustage de la quantite dudit liquide au 
debit et a la capacity da sechage du courant 
descendant pour assurer un taux d'humidite des 
particules. au moment ou odes arrivent a la 
couche fluidifiee. de 2 i 16%. et suffisant pour 
que lesdites particules s'agglomerent en formac* 
des grappes, mais un taux d'humidite moindre 
que celui qui imoliouerait !a formation de mono- 
granules, et oui assure^ que le gaz descen- 
dant garot) d'une part une capacite notable de 
sechange au moment ou il arrive a la couche 
fluidifiee et d'autre part assez tfenergie cinetique 
pour y penetrer, obtenart ainsi et de contrtbuer 
au processus de sechage dans la couche fluidifiee 
et de provoquer le deplacement de particules et 
de petits agglomerats de la couche fluidifiee vers 
la partie superieure de la chambre de sechage 
pour etabtir un contact permettant ta creation 
d'agglomerats avec les gouttelettes mouillees et 
les particules humides. 

(d) de derivation d'un courant comprenant le 
gaz dudit courant descendant et le gaz dudit 
courant ascendant a un endroit non-central dans 
la partie superieure de fa chambre de sechage. 

(?) d'ajustage de la quantite de gaz de sechage 
introduite sous forme d'un courant central 
descendant a une valeur deux a quatre f is plus 
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grande que cede du courant ascendant de gaz 
ftuidifiant. et 

(f) de recuperation de particules agglomerees 
de ladite couche fluidifiee. 

2. Procede selon la revendication 1, dans lequel 5 
le rapport entre I'energie cinetique du courant de 

gaz descendant et celte du courant de gaz 
ascendant se trouve dans la gamme de 1.000 a 
15.000. 

3. Procede selon la revendication 1, dans lequel to 
la duree moyenne de sejour des particules dans la 
couche fluidifiee est d'au moins 5 minutes. 

4. Procede selon la revendication 1, dans lequel 
les particules agglomerees recuperees de la 
couche fluidifiee a I'etape (el sont sechees et/ou ts 
refroidies davartage a I'exterieur de ladite 
chambre de sechage. de preference dans un lit 
fluidifie vibrant. 

5. Procede selon la revendication 1 pour la 
fabrication de lait ecreme en poudre agglomeree 20 
eomprenant les etapes 

(a) de pulverisation d'un concentre de i ail 
ecreme a taux de mati6re seche de 45 a 52% en 
poids. dans un courant d'air a 230 a 350C d'une 
vitesse descendante de 20 a 40 m/sec, la quantite ?5 
dudit concentre etant ainsi ajustee p^"r produire 

des particules de poudre de lait ect .me qui. au 
moment ou elles arrivent a la surface de ladite 
couche fluidifiee, ont un taux d'humidfte entre 10 
et 15%. - 30 

(b) de maintien de ladite couche de particules 
fluidifiees a une temperature de 60 a 60 C par 
('introduction d'air sechant a 70 a 150'C d'une 
vitesse ascendante de 0.3 a 1.5 m/sec dans la 
partie inferieure de ladite couche* 3$ 

(c) de derivation depuis la partie superieure de 
la chambre de sechage d'un cot* rant d'air 
entralnant des particules fines de poudre de lait 
ecreme. 

(d) de ramassage desdites particules fines *o 
entreinees, 

<e) de recyclage des particules fines ramassees 
vers ladite couche fluidifiee dans la chambre 
sechage. et 

(f) de recuperation, depuis la couche fluidifiee. j s 
des particules agglomerees de poudre de lait 
ecreme d'un taux d'humidite de 3.0 a 9%. 

6. Procede selon la revendication 5, dans lequel 
les particules de pond re de lait ecreme. 
recuperees a I'etape. (f) sont sechets a I'exterieur so 
de la chambre de sechage. de preference dans un 

Ht fluidifie vibrant, jusqu'a un taux d'humidite de 
2 ft 5%. 

7. Procede selon la revendication 1 pour la 
fabrication de lait entier en poudre agglomeree 55 
eomprenant les etapes 

(a) de pulverisation d'un concentre de lait entier 
ft taux de matiere seche de 45 a 52% en poids 
dans un courant d'air 200 a 300*C d'une vitesse 
descendante de 20 a 40 m/sec, la quantite dudit bo 
concentre etant ainsi ajustee pour produire des 
particules de poudre de lait entier qui, au moment 

ou elles arrivent a la surface de ladite couche 
fluidftee, nt un taux d'humidite de 8 a 16%, 

(b) de maintien de ladite couche de particules ss 



fluidifiees a une temperature de 60 a 80 C par 
lintroduction d'air ser.hant a 70 a 150 C d'une 
vitesse ascendante de 0.3 a 1.5 m/sec dans la 
partie inferieure de ladite couche. 

ic) de derivation depuis la partie superieure de 
la chambre de sechage d'un courant d'air 
entra : nani des particules lines de poudre de lait 
entier. 

(d) de ramassage desdites particules fines 
entramees. 

(el de recyclage des particules fines ramassees 
a ladite couche fluidifiee dans Is chambre de 
sechage. 

If) de recuperet. on. depuis la couche fluidifiee. 
des particules agelomerees de poudre de lait 
entier d'un taux d'humidite de 4.5 a 9%. 

8. Procede selon la revendication 7. dans lequel 
les particutes recuperees a I'etape (fl sont sechees 
et refroidies davantage a I'exterieur de la 
chambre de sechage. de preference dans un lit 
fluidifie vibrant, jusqu'a un taux d'humidite de 2 a 
4%. 

9. Procede belon 13 revendication 1 oour la 
fabrication de petit lait en noudre agglomeree 
eomprenant les etapes 

(a) de pulverisation d'un concentre de petit lait. 
de pieference precrystalise. a tau:< de matiere 
seche de 48 a 58% en poids dans un courant d'air 
a 230 1 3S0 C d'une vitesse descendante de 20 a 
40 m/sec. la quantite dudit concentre etart linsi 
ajustee pour produire des porticiles de poudre de 
petit lait qi'i. au -moment ou elles arrivent a la 
surface de ladite couche fluidifiee. ont un taux 
d'humidite de 2 a 6%, 

(b) de maintien de ladite couche de particules 
fluidifiees a une temperature de 70 a 90 C par 
l introduction d'air secnant a 10 a 80 C d'une 
vitesse ascendante de 0.3 a 1.5 m/sec dans la 
partie inferieure de ladite couch*. 

<c) de derivation de la partie superieure de la 
chambre de sechage d'un courant d'air entraTnant 
des particules fines dt poudre de petit lait. 

(d) de ramassage desdites particules fines 
entramees. 

(e) de recvclage des particles fines ramassees a 
ladite couche fluictitiee dans la chambre de 
sechage. 

(f) de recuperation, depuis la couche fluidifiee. 
de particules de poudre agglomeree de petit lait. 
lesquelles particules ont une granulomere 
moyenne de 200 a 700u et un taux d'humidite de 1 
a 5%. 

10. Appareil de sechage par pulverisation 
eomprenant 

(a) une chambre de sechage essentieltement 
conique qui va en s'amincissant vers le bas et 
dont les parois forment un angle par rapport a 
I'axe verticale de 15 a 30 : . de preference 18 a 24\ 

<b) une buse dirigee vers le bas et montee a un 
endroit central dans la partie superieure de la 
chambre. 

<c) un disperseur de gaz dirige vers te bas et qui 
a une ouverture annulatre vers la chambre et 
encercle coaxialement ladite buse. 
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(d) une plaque horijontale perforce siiuee dans 
te fond da ladite chembre pour le support d'une 
couche de particules fluidifiees. la distance de 
ladite plaque perforee a ladite ouverture 
annulaire du disperseur de ga* etant de 10 a 15 5 
fo«s plus grande que le diametre maximum de 
I'ouverture annulaire. 

le) des moyens pour ('alimentation de qaz 
chaud de sechage dudit disperseur de ga:. to 



(f) des moyens pour l ai. mentation de ga/ a ur» 
enu'oit au-do^sous de ladite piaaue oerforee. 

tgl des movons de denviiton dun courant 
comprenant le ga/ dudit courant descendant et le 
gaz djdit courant ascendant a un endrod non- 
central dans la partie supeneure de la chambre de 
sechage. et 

(hj des movcns de recupe'wtmn de particules 
agglomerees d un endro»t juste au dcssus Je la 
plaque perfcree. 
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